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Vacuum switching chamber having an annular insulator 



5 



The 



invention 



relates 



to 



the 



field 



of 



electrical components, and is applicable to the design 
configuration of vacuum switching chambers whose 
enclosure has two cap- like metal parts and an annular 
insulator, and which -are intended . for switching 
10 purposes in the lower A.C. voltage range (up to 
1000 V) . 



type, the two cap-like metal parts, which are composed 
of copper, and one of which forms the actual switching 
15 area for the stationary contact tip and the axially 
moving contact tip, are connected in a vacuum- tight 
manner at the end of the tubular wall region to the 
annular insulator, in each case by means of blade 
soldering. In order to allow this known vacuum 

2 0 switching chamber to reliably switch short-circuit 

currents in the range from 50 to 100 kA while having 
axial and radial dimensions which are as small as 
possible, a folding bellows is soldered by one of its 
ends to the contact bolts of the moving contact tip, 

25 and in the immediate vicinity of the latter, and is 
surrounded concentrically by the annular insulator; a 
cap-like protective shield at the bottom of the moving 
contact tip in this case protects the folding bellows 
against electrical loads. - This vacuum interrupter has 

30 no special shield for protection of the inner isolating 
gap which is formed by the annular insulator, since a 
relatively broad end surface of the annular insulator 
faces away from the contact region. - The power current 
connections of this known vacuum switching chamber are 

3 5 - as normal - in the form of bolts, which pass axially 

through the respective cap-like metal part. - The two 
contact tips are normally in the form of pot -type 
contacts; however, other known 



In a known vacuum switching chamber of ■ this 
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contact shapes may also be used (DE 44 22 316 Al) . 
Another known contact shape is, for example, spiral 
contacts {spiral petal contacts) with, in particular, 
flat, plate- like contact electrodes, which are provided 
5 with slits running inward from the outer circumference. 
These slits may each comprise a straight section and a 
hole which passes through the contact surface (EP 0 532 
513 Bl) . 

Vacuum interrupters are already known as 

10 switching elements for low-voltage contactors, in which 
the folding bellows forms a part of the outer surface 
of the enclosure and in this case connected in a 
vacuum- tight manner on one side to the power current 
connection of the moving contact bolt and on the other 

15 side, at the end, to a short tubular insulator (DE 3 7 
09 585 C2) . A folding bellows may in this case be 
connected by blade soldering both to the insulator and 
to the power current connection of the moving contact 
bolt (DE 195 10 850 CI) . 

20 Furthermore, vacuum switches are known for 

shunt operation of D.C. electrolysis cells, which have 
to switch a current of about 4000 A with a switching 
voltage of about 4 volts, and in which cylindrical 
contacts are incorporated in planar, conductive end 

25 plates, in order to allow the switch to be electrically 
connected to electrical connecting rails. In this case, 
each contact is soldered in a vacuum-tight manner via a 
corrugated membrane in the form of a disk to an 
insulating ring, which is arranged concentrically about 

30 the switching path. In one case, a holder for a shield 
in the form of a short piece of tubing is incorporated 
in the soldered joint, (which is produced as a blade 
soldered joint by means of an axial, annular flange) 
between the membranes and the insulating ring (US 

35 4,216,360 A, DE 29 44 286 A). 
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For vacuum switches which are used as vacuum 
contactors for . low voltage, it is also known for a 
membrane which is provided with two deep, concen- 
trically arranged, corrugations also to be used instead 
5 of a folding bellows as a sprung closure part for the 
switching chamber, which allows the moving contact tip 
to move. The two parts of the transversely split power 
current connecting bolt of the moving contact are 
soldered to this region of the membrane in the central 
10 region of the membrane, which is planar (DE 27 25 092 
Al) . 

Against the background of a vacuum switching 
chamber having the features of the pre-characterizing 
clause of patent claim 1 {DE 44 22 316 Al) , the 
15 invention is based on the object of further reducing 
the physical size of the known vacuum switching 
chamber, while at the same time increasing the 
switching capacity in the process. 

In order to achieve this object, the invention 

2 0 proposes that the power current connection of the 

stationary contact tip is in the form of a plate, that 
the metal part which surrounds the two contact tips is 
tubular and is connected at the end to the plate, and 
that the resilient, metallic separating wall comprises 

25 a membrane which is provided with concentric 
corrugations, is in the form of a disk, and is soldered 
on one side to the power current connection (which is 
in the form of a bolt) of the moving contact tip and on 
the other side via an axially running annular flange to 

30 the annular insulator. 

Such a configuration of the vacuum switching 
chambers leads to a flat shape with a physical height 
which is considerably less than that of conventional 
vacuum interrupters. A contributory factor here is 

3 5 firstly the configuration of the one power current 

connection as a plate instead of a cylindrical bolt, as 
was normal in the past. 



1999P0404 



- 4 - 



with this plate at the same time forming an end cover 
for the intrinsically cylindrical switching chamber. 
Another contributory factor is the use of a corrugated 
membrane instead of the otherwise normal folding 
5 bellows. 

In order to ensure the necessary number of 
switching operations (at least 10,000) for a switching 
movement of about 3 to 5 mm with this abnormal use of a 
membrane for a vacuum switching chamber which is used 

10 in a low-voltage A.C- power supply system, the number 
and depth of the corrugations for the membrane have to 
be designed appropriately. For this purpose, a further 
refinement of the invention provides that, with a wall 
thickness of between 0.1 and 0.2 mm and a corrugation 

15 depth of approximately half the switching movement, the 
membrane has a number Z of full corrugations which is 
greater than 1 + integer of the cube root of the 
external membrane diameter Da minus the power current 
connecting bolt diameter Db multiplied by the wall 

20 thickness s of the membrane, but at least 3, with the 
individual dimensions to be used being in millimeters. 
The boundary condition mentioned above is expressed as 
a mathematically formulated relationship as follows: 
Z T 1 + integer {^[(Da - Db) s] ) , at least 3. 

25 Such a configuration of the membrane allows the 

corrugation to be chosen such that the radius of 
curvature corresponds approximately to the switching 
movement, and the individual corrugation trough 
corresponds to a circular arc with a circumferential 

30 angle of about 90°. However, the corrugation may also 
be in the form of a sine wave with _ straight flanks. 

The novel switching chamber can be refined 
further by design measures such as those already 
proposed in the prior German Patent Application 
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198 02 893.8. According to this document, the flat 
shape of the novel vacuum switching chamber can be 
pronounced to an even greater extent if the contact 
tips are in the form of spiral contacts, in particular 
5 flat spiral contacts. The use of spiral contacts also 
leads to better arc management, thus resulting in an 
improved switching capacity. For example, the use of 
flat spiral contacts with a diameter of about 90 mm 
allows short-circuit currents of up to about 130 kA to 

10 be switched. - Irrespective of the diameter of the 
spiral contacts, it is recommended that a vapor barrier 
in the form of a disk be positioned between the moving 
contact tip and the associated power current connecting 
bolt, which vapor barrier is composed, for example, of 

15 a chromium-nickel steel and which, for vacuum switching 
chambers with a small switching capacity, can possibly 
be used for mechanical reinforcement of the moving 
spiral contact, whose thickness is 'reduced. 

The novel refinement of the vacuum switching 

20 chamber also allows direct connection of the stationary 
contact tip to the associated plate-like power current 
connection, thus ensuring optimum heat dissipation when 
using a connecting bolt with a large diameter for the 
moving contact tip. The overall compact shape means 

25 that there is no need for any special guidance for the 
connecting bolt for the moving contact tip, as has been 
normal in the past for vacuum interrupters for power 
breakers when using a plastic bush. This allows the 
vacuum switching chamber to be more highly thermally 

30 loaded. 

The novel design of the vacuum switching chamber also 
allows all the individual parts - except for the 
annular insulator - to be constructed such that they 
35 are self-centering, so that all the individual parts 
can be soldered to one another in a single 
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operation (closure soldering) without using any expen- 
sive and complex soldering forms. To this end, it is 
recommended that the stationary contact tip be 
connected via a short centering stub to the plate- like 
5 power current connection, while the moving contact tip 
is connected to the corrugated membrane, centered via 
the contact bolt. 

The shape of the tubular part which surrounds 
the two contact tips - particularly when they are^ in 

10 the form of flat spiral contacts - depends on the 
respectively intended switching capacity. For low 
switching capacities from about 40 to 60 kA, this part 
may be in the form of a hollow cylinder. For higher 
switching capacities, that is to say for larger contact 

15 diameters, it is recommended that the tubular part be 
provided with a conical taper at the end facing the 
annular insulator; this allows the use of an insulator 
and a corrugated membrane having a considerably smaller 
diameter than that of the spiral contacts. - Irrespec- 

2 0 tive of the shape of the tubular part, which is 
preferably composed of copper, it is recommended that 
this tubular part be . provided with arc-resistant 
cladding on the inner wall in the region of the 
switching path, for example by using sheet -metal parts 

25 composed of a chromium- copper composite material, or by 
electrochemical plating with chromium. 

The insulating ring which is arranged between 
the corrugated membrane and the tubular part of the 
enclosure can, in a known manner, be formed by approp- 

30 riate configuration of its cross-sectional contour such 
that there is no need to arrange a shield for 
protection against the deposition of metal vapor 
particles. If, on the other hand, the insulating ring 
is carrying out only an insulating function, the 

35 tubular metal part may have an attachment which acts as 
a vapor shield, as has already been proposed per se in 
the 
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prior German Patent Application 198 26 766.5. With the 
metal part having these two functions, the transition 
from the area associated with the enclosure to the area 
which is used as the vapor shield has a corrugated 
5 form, so that the metal part touches the end surface of 
the insulating ring only in the form of a line, and 
thus allows a type of blade soldering in this area. 

Two exemplary embodiments of the novel 
switching chamber are illustrated in Figures 1 and 2, 
10 in which: 

Figure 1 shows a cross section of the switching 
chamber, and 

Figure 2 shows a plan view of the plate- like power 
current connection, 
15 In the illustrated vacuum switching chamber, 

the enclosure comprises an upper metallic plate 1 which 
acts as the power current connection and is composed of 
copper, a hollow-cylindrical wall part 3 which is butt- 
soldered to it and is composed of copper, an annular 

2 0 insulator 4, a corrugated membrane 5 which is arranged 

coaxially with respect to the annular insulator 4, and 
a cylindrical power current connecting bolt 2. In this 
case, the annular insulator is designed in the same way 
as the insulator according to DE 44 22 316 Al, that is 
25 to say with an approximately square cross section and 
with a chamfer and an undercut. A stationary flat 
spiral contact 6 and a moving flat spiral contact 7 are 
arranged within the enclosure. The spiral contact 6 is 
connected to the plate 1 via a short centering stub 61, 

3 0 which engages in a centering hole in the spiral 

contact. The spiral contact 7 is seated on a centering 
attachment 21 on the power current supply bolt 2, which 
attachment acts as a constriction to the current flow. 
This is soldered at its other end to the corrugated 
35 membrane 5, in the region of a centering attachment 22. 
The membrane 5 is itself soldered to the insulator 4 
via the axially running annular flange 51. This 
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annular flange can be formed integrally with the 
membrane. - A vapor barrier 9 in the form of a flat 
disk composed of a mechanically strong material such as 
chromium-nickel steel is also arranged between the 
5 moving spiral contact 7 and the power current supply 
bolt 2 . This vapor barrier 9 is used to shadow the 
annular insulator 4 from metal particles released from 
the spiral contacts 6 and 7 during the switching 
process . 

10 The construction of the vacuum switching 

chamber is chosen such that all the individual parts 
can be soldered to one another in the course of a 
single soldering process. The degassing gaps required 
for this purpose can be provided with means, which are 

15 known from the prior art, in the joint region between 
the annular insulator 4 and the hollow-cylindrical wall 
part 3 . 

In the illustration shown in Figure 1, two 
different embodiments are illustrated of the tubular 

2 0 metal part which is arranged between the plate- like 

power current connection 1 and the annular insulator 4 . 
In the left-hand part of the illustration, a tubular 
part 3 is provided as the wall part, whose ends are 
soldered firstly to the metallic plate 1 and secondly 
25 to one end surface in the annular insulator 4; in the 
right-hand part of the illustration, the wall part 31 
is formed integrally with a shield 32, and is slightly 
corrugated in the transitional region from the wall 
part to the shield. In addition, an insulating ring 41 

3 0 which has a simple, rectangular cross section is used 

in the right-hand part of the illustration. - Further- 
more, Figure 1 shows two different embodiments for the 
connection of the corrugated membrane 5 to the power 
current connecting bolt 2. In the left-hand illus- 
35 tration, blade soldering on the circumference of the 
power current connecting bolt 2 is provided, while, in 
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or in the illustration on the right-hand side, the 
corrugated membrane 52 is soldered to the power current 
connecting bolt 2 in the region of a centering 
shoulder. Furthermore, an annular flange 51 which is 
5 welded to the membrane is provided in the left-hand 
illustration, while the annular flange is formed 
integrally with the membrane in the right-hand 
illustration. 



10 which acts as the power current connection, for the 
vacuum switching chamber shown in Figure 1. Rectangular 
or square shaping of the planar plate 1 leaves 
sufficient space for holes 11, which are used to attach 
the power current connection to a corresponding part of 

15 an associated switching device. 



Figure 2 shows a plan view of the plate 1, 



The membrane shown in Figure 1 may, for 
example, have the following dimensions: 

External diameter: Da: 77 mm 



20 



Internal diameter 



25 



(diameter of the power 
current connecting bolt) : Db : 25 mm 
Wall thickness: s: 0.2 mm 

Corrugation depth 

(distance between 
the corrugation peak 
and the corrugation 

trough) : t : 2 mm 

Number Z of 



30 



corrugations : 



I 



